tween a eubacterium and its host cell (e.g., Gray et al., 2001), and the closest free-living relatives of mitochondria are members of the rickettsial subdivision of the ␣-proteobacteria. Therefore, it has generally been expected that the mitoribosome will display greater struc- 
, except for a small region (marked with an immediately recognized in the cryo-EM map, the overall asterisk in Figure 2C ) that lies close to the decoding site structural organization in both subunits is markedly diin the SSU. This region may correspond to a bound vergent from that of other ribosomes. The two subunits segment of mitochondrial mRNA. of the mitoribosome enclose an intersubunit space that has an overall similarity to its cytoplasmic counterparts. However, the factor binding region of this intersubunit
Intersubunit Bridges
We have analyzed the contact points between the two space, along the margin of the two subunits, is distinctly different from and has a relatively more open configuramitoribosomal subunits using the map in which the rRNA and protein components have been separated. 1-3) .
Fourteen of the mitoribosome proteins, S2, S5-S7, toribosome-specific proteins, the position of S4 is only partially filled ( Figures 3D and 3E) , mainly in the seg-S9-S12, S14-S18, and S21, are known to have significant sequence homology with their bacterial counterments of S4 that encircle the mRNA entrance (Figure 4) . Despite the absence of bacterial proteins S3 and S4, parts; however, they are each 4-25 kDa larger than the corresponding bacterial proteins, except for proteins S6 the composition of the mRNA entrance is predominantly protein. . It is likely that the mitoriboently, the role of S13 is taken over here by mitoribosome-specific proteins, which form four distinct bridges some has evolved specific features to recognize its unusual mRNAs. The strategic location of the mRNA gate (B1a-B1d) with the CP of the LSU (Figures 2C and 2D) . However, only a small portion of the N-terminal domain suggests that this structure could be involved in the regulation of translation initiation, perhaps by aiding in of S13 is replaced by mitoribosome-specific protein ( Figure 3D ). The positions of proteins S19 and S20 and the recruitment of the mt mRNAs to the SSU. Figures 2B, 2D, 5D , compensated, the positions of L25 and L31 are left aland 5E), suggesting that the function of rRNA is entirely taken over by the much larger L1 homolog and other most completely unfilled. , 2000) . However, the tunnel revealed in our cryo-EM map of the mitoribosome is distinctly different in is drastically different and is composed mainly of mitoribosome-specific proteins ( Figure 7A ). Since the majority structure from the tunnels in the cytoplasmic ribosomes. In the mitoribosome, the tunnel has a wide opening well of the rRNA domain I ( Figure 5E ) and a significant portion of domain III ( Figure 5D ) are not replaced by proteins, before the conventional polypeptide exit site (PES in Figures 6 and 7A ). This site of premature exposure is a wide opening is created (PAS in Figure 6B ), and the overall structure of the tunnel is more open to the sollocated about 63 Å from the peptidyl-transferase center and allows free access to the solvent. Therefore, we vent. Furthermore, the conventional polypeptide exit site is surrounded by mitoribosome-specific proteins and is designate this opening as the polypeptide-accessible site (PAS in Figures 6B and 7A ; also see Supplemental partially covered by a lidlike structure (exit tunnel lid [ETL] in Figure 6 ), which appears to be formed by a Movie S1). Possibly, some of the nascent chains that are being synthesized on the mitoribosome emerge from protrusion of a large protein that replaces the bacterial protein L29 in the mitoribosome. the ribosome through this accessible site rather than being routed all the way through to the conventional In contrast to the variety of possible destinations for the polypeptides synthesized by cytoplasmic riboexit site, ‫88ف‬ Å from the peptidyl-transferase center. Interactions of the P Site Bound Mitochondrial tRNA with the Mitoribosomal Proteins Strikingly, the mitoribosome purifies with a tRNA bound to the P site ( Figure 1A) . The mitoribosome LSU possesses a unique finger-like structure, the P site finger (PSF in Figures 1A, 2A, 2D, 5B, and 7) , a protein that extends from the CP and that interacts with the P site bound mt tRNA. This interaction involves the T loop side (TLS in Figure 7B ) of the mt tRNA, which is a well-defined structure in our map. Docking of the crystallographic structure of a cytoplasmic tRNA (Basavappa and Sigler, 1991) into the cryo-EM map produces a very good overall fit (not shown), except in the elbow region involving the anticodon-arm side. Our map apparently shows an averaged structure for the mammalian mt tRNAs, some of which are known to have unusually small T loops 
Structure of the Mitoribosomal Large Subunit

